The aim of the paper is to identify the most common workplace accidents regarding injured body parts with respect to anthropometric data measurements of the population in the Slovak republic. Data from workplace accidents database over the years 2000-2017 were drawn from the records of the Slovak Forest state enterprise. The highest number of workplace accidents (31.7% of all recorded workplace accidents) occurred during the forest harvesting phase. Timber skidding with 15.9% of recorded accidents was the second highest risky phase. In four phases Timber harvesting, timber skidding, Works at conversion depot, Repairs and maintenance was 76% from all injuries in forestry state enterprises was occurred. Nonsigni cant increase in the injury rate over the years 2000-2017 was determined in the analysis of the injury rate in the Slovak state forests. From the point of view of the longterm changing anthropometric parameters of the adult population, it is also necessary to take into account the ergonomic parameters and the technological procedures of the performed work and the working environment.
Introduction
Forestry sector in Slovakia is, in terms of output on gross domestic product, among the less important economic sectors. Its extraordinary importance, however, is in the ful llment of all-community and environmental functions, as the forest cover of the Slovak Republic is about 41% (more than half are managed by state forestry enterprises) [1] . Ensuring these functions requires the implementation of the whole complex of work activities, which culminate in the nal phase with the timber harvesting and its evaluation. The whole economy of forestry enterprises is virtually dependent on this activity. These works are demanding for physical abilities, professional experience, application of prescribed work operations and are extremely risky in terms of threats to human health and life. They therefore require quali ed and educated workers, who carry out these works. Managing human potential in this area is thus linked to the level of education, motivation, but also corporate culture and ways of providing these services [2] [3] [4] [5] [6] [7] . With the onset of powerful multioperation technologies for forest works, some of the risks have been minimized, but others have arisen in the area of neuropsychic burden and need for an even more skilled workforce. In Slovakian conditions, for a number of reasons, there is no possibility the massive deployment of these technologies, and motomanual technology is dominated by the use of hand-held chain saws. At present, the personal problem of the lack of su ciently skilled workers is starting to re ect, that they would be willing to carry out this di cult and risky job at the current wages. The trend in forestry enterprises is to outsource these works, transferring a large part of the tax burden to self-employed workers, while minimizing the risks. The aim of this article is to analyze the occurrence of work accidents during the last seventeen years in conditions of state forestry entities of the Slovak Republic. We focused on the risk assessment of individual working phases as well as the frequency of injury to individual parts of the body.
Methodology
Data associated with workplace injuries were drawn from the records of the state enterprise Forests of the Slovak Republic seated in Banská Bystrica. Gathered data were processed and entered into the database complemented by the data on injuries of the self-employed working in forest industry. Workplace accidents were identi ed with ac-cordance with "European Statistics on Accidents at Work" (ESAW) [8] in order to create a dataset. Circumstances and causes of workplace accidents in Slovakia were determined using the authors' classi cation based on the Decree of Ministry of Labour, Social A airs and Family of the Slovak Republic No. 500/2006 Coll. on establishment of a template for reported occupational accident in accordance with the uni ed statistical reporting system in the European Union [9] . A dataset of workplace accidents was created over the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] . During the analysis period, 2041 workplace accidents in forest enterprises in Slovakia were recorded.
A method of contingency tables was used to analyse the correlation between qualitative (categorical) variables in a dataset consisting of workplace injuries.
Investigation of the correlation between two variables is based, similarly to one-dimensional statistical dataset, on nding frequencies mentioned in contingency tables. Research methodology follows the works [10] [11] [12] [13] .
The aim of the injury rate analysis is to make decision about the e ect of the commonly used prognostic variables on the injury rate. Moreover, the association between the prognostic variables and injury rate is studied as well [14] . The analysis is carried out using the Poisson regression model. The model is often used to analyse the data related to age group in epidemiology [15] [16] [17] [18] and it is mentioned in several works [14, 19, 20] .
Statistical models provide a possible solution to the problem. Poisson regression models provide a standard framework for more complex statistical analyses of injury rate. However, a detailed insight into the impacts of many variables is possible as well. Injury rate is estimated with regard to the number of accidents (d) divided by the amount of produced wood [1 000 m ] (N),
Data associated with wood production over the previous years were drawn from the Green report issued by the Ministry of Agriculture and Rural Development of the Slovak Republic [21] . The number of injuries is predicted using the Poisson distribution with the mean µ d = N * λ, where λ is the incident injury rate. The average number of injuries, injury rate is expressed by parametric function of prognostic variables. As the Poisson distribution assumes that, the meaning value in distribution is greater than zero, this function of prognostic variables is often limited by the values of a function are greater than zero. Following logarithmiclinear model is usually used to modeling the injury rate λ as a function of a set of prognostic variables X , ......Xp:
where β is a regression coe cient of average number of injuries of i-th prognostic variable X (i = 1 ..... n). Thus, log (of rate) is a linear function of prognostic variables. In the language of generalised linear models (GLMs), the usual speci cation of the linear component due to the inclusion of the term log (N). This term is called the "o set" [22, 23] .
In the log function (Formula 2b) the average number of injuries is expressed using the linear combination of prognostic variables while log (N) is expressed by xed value coe cient. The analyses relate to the amount of produced wood. The number of employees (full-time as well as parttime workers) can be used as an alternative to the produced wood [1 000 m ].
If the variance and the mean are equal, is the condition to select Poisson distribution for the number of injuries (d) ful lled. Multiple linear regression with homogeneity of variances is based on the Poisson distribution.
Many important things have to be taken into consideration when the models are used, for example, whether models are speci ed correctly -determination of prognostic variables or appropriate method for distribution. Additional analyses have to be carried out in order to determine the suitability of the regression model for making predictions. Moreover, the data quality must be evaluated (reliability, accuracy, etc...) as well as random factors related to the analyses of injury rate resulting from the various source of data.
Results
During the analysis period, 2041 workplace accidents in forest enterprises in Slovakia were recorded. 1991 injuries were reported in group of men and 50 in women. It is related to the type of forestry work. The sex ratio is 3: 1 for the group of men. Di cult and dangerous work is performed almost exclusively by men.
The most risky phase is timber harvesting (31.7% of all recorded injuries). The second risky phase is timber skidding with 15.9% of all recorded workplace injuries (Fig. 1) . Works at conversions depots (15.4%) and Repairs and maintenance (13.3%) can be also marked as a risky phases. In this four phases more than 76% (1556) of all injuries was marked.
The number of injuries according to injured body parts in these four phases is on Figure 2 . The most injured body part are legs. In this four phases is the share of injuries on the legs approximately 40%. Within the phase "Repairs and maintenance" are the legs the most injured part of body. The second injured body part are arms (24.6% share). However, it should be noted that legs and arms injuries are generally not fatal in terms of endangering of the human life. In Table 1 are the injuries according to body part and days in the week. The highest number of injuries arises logically in Monday. The workers (after 2 days o ) are not fully concentrated on the work. The lowest number of injuries during the "classically" work days was in Friday recorded. Serious and life-threatening injuries, mainly on Tuesdays and Wednesdays were occured. It was primarily about head and body injuries or multiple parts of the body.
Injury rate in the forest industry over the years 2000 -2017 was decreasing. Trend in the injury rate for the forest industry on 1 000 m of produced wood in the years 2000-2017 is illustrated in the graph (Fig. 3) . A simple one dimensional Poisson regression model can be used to analyse whether the trend in the injury rate is a function of one hypothetical variable -calendar year. The number of workplace injuries and the amount of produced wood in the Slovak forest industry in 1 000 m were primary data in the rst model. The e ect of other prognostic variables was not taken into consideration. It is expressed using the formula:
where: λyear is an injury rate in each year. Regression model (Fig. 4 ) described using formula 3 (hereinafter model (3)), means that ln (injury rate) should be dependent on the year (b ). Results of the regression analysis are mentioned in Table 2 .
Coe cients used in the model (3) annually. An approximate 95% con dence interval for the parameter which is yearly changed is 0.029 ±1.96 (0.023) = (0.07408;-0.01608). Seeing that b = 0, is in this interval, signi cant change in the primary observed injury rate per year is not expected. 
Conclusion and discussion
Nonsigni cant increase in the injury rate over the years 2000-2017 was determined in the analysis of the injury rate in the Slovak state forests. Grzywinski et al. [24] analysed workplace accidents in Szczecinek (NW Poland) legally administered by the Regional Directorate of State Forests in the years 1990-2009. Following the analysis, the fact that the privatisation in the forestry industry did not a ect the number of workplace accidents signi cantly, can be mentioned. In practise, measures for prevention and control can be inspired by the results of the analysis.
Benavides et al. [25] carried out the analysis in Spain and he found out that the injury rate of of seasonal workers (120.6 per 1 000 employees in the year 2002) was higher than the injury rate of full-time workers (44.9 per 1 000 employees in the year 2002). It is supposed to be a ected by quality professional training as well as work experience of full-time workers. In [26] , a decrease in fatal injury rate in agriculture, game keeping and forestry in Arkhangelsk region from 43.9 per 1 000 employees in the year 1996 to 20.8 per 1 000 employees in the year 2007 is mentioned. In the work [27] , authors compared the fatal injury rate in Australia and in the USA over the years 1989-1992 and in New Zealand over the years 1985-94. The average fatal injury rate in New Zealand was 4.9/100 000, in Australia 3.8/100 000 and in the USA 3.2/100 000. In the course of the years 1975 -1984, the death rate of forest workers in New Zealand was 8.0 per 100,000 employees per year.
Suchomel [28] carried out the analysis of workplace accidents in the process of forest harvesting over the years [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . The position of individual phases in the process of harvesting, processing and transport was as follows: forest harvesting -32%, timber skidding -29%, works at skidway -9%, timber hauling -8%, works at conversion depot -6%, repairs and maintenance -15% a controlling -1%. Following the overview, almost the same order of the phases as during the analysis period 2000 -2017 can be seen. Small di erences result from subjective as well as objective factors. In the work [29] the analysis of Sweden is carried out. The results show that serious workplace accidents are very common in Sweden and the death rate of self-employed in forestry is 7% of the total number of workers killed in work related activities recorded by the employment o ce. Falling trees are the main cause of fatal or life-threatening injuries. Dangerous practises and procedures at work result in injuries more often than the working tools (e.g. portable chainsaw) used at the time of accidents. Therefore, quality trainings as well as skill improvement must be o ered to line workers to equip them to deliver health and safety to the workplace.
When evaluating speci c injured body parts in the analysis of workplace accidents, the authors [29] found out that a knee is the most commonly injured part of the body in the process of forest harvesting. The results of our analysis show that leg injuries occurred most often during harvesting as well (258). It means the injury rate of approximately 14% of all recorded injuries.
It is of utmost importance to create adequate conditions for carrying out warm and skilled work as well as for outsourced jobs. On the other hand, it is also necessary to require an adequate professional and physical level of workers. This can also be aided by a revised system of motivation and education of the workers [30] .
From the point of view of the long-term changing anthropometric parameters of the adult population, it is also necessary to take into account the ergonomic parameters and the technological procedures of the performed work and the working environment [31] [32] .
